Abstract: We present single-mode solid-state polymer dye lasers fabricated with standard UV lithography. The lasers use a high-order Bragg grating and rely on index-tuning of a photosensitive polymer for waveguiding. The gain medium is Rhodamine 6G.
Introduction
Integration of optical transducers is considered an important issue for future lab-on-a-chip microsystems, as light source integration in lab-on-a-chip systems eliminates the ever-present problem of optical alignment of external light sources to chips [1] . One approach is based on forming laser resonators via microlithography on laser dye doped polymer.
Lasers on lab-on-a-chip devices mainly find application in sensor systems and single mode lasers open the possibility of interference based sensing [2, 3] . We The laser resonator consists of a number of bars of dye doped SU-8 covered with PMMA, this forms a slab waveguide wherein the light travels as a plane wave along the x-axis (see Fig. 1 ). The dye (Rhodamine 6G) doped SU-8 is 6 gm thick and the PMMA layer is 4 gm thick.
Due to the structure, the refractive index in the slab waveguide is modulated between 1.592 (SU-8 + dye) and 1.49 (PMMA). This modulation creates a Bragg grating with a period of 32.6 gm consisting of 12.6 gm of SU-8 and 20 gm of PMMA. This long period conforms with conventional I-line UV lithography and lies well within normal resolution. At the lasing wavelength (551 nm), the Bragg reflection orders are spaced about 3 nm apart.
The bar in the middle of the array is a little wider (in the x-direction, see Fig. 1 ) than the rest, in order to introduce a K/2 phase shift. This turns the Bragg grating into a DFB resonator with a single resonance for each Bragg reflection order.
In order to ensure that only a single transverse mode in the structure is lasing, the waveguiding regions with dye doped SU-8 support only a single transverse mode. The regions are made single mode by structuring them as asymmetric waveguides with a buffer that has a refractive index only 0.001 lower than the dye doped SU-8 core (Fig. I c) . This small difference in refractive index is achieved by using the fact that the refractive index of SU-8 increases slightly when adding Rhodamine 6G [5] .
When the light exits the dye doped SU-8 regions, it travels into the PMMA regions that are antiguiding since the SU-8 buffer has a higher refractive index than the PMMA. The light is confined upwards due to the low refractive index of air. The light is still guided in the PMMA regions, albeit with a loss. 
Characterization
The emission from the dye laser was measured using a spectrometer with a 0.15 nm FWH-M response. [6] .
Conclusion
In conclusion we have demonstrated a new type of solid-state polymer dye laser fabricated with standard UV lithography. The lasers display single-mode operation from a high order Bragg grating distributed feedback resonator. Due to the fabrication method, the laser is easily integrated with waveguides, microfluidics and other components for lab-on-a-chip purposes, and the devices have a high chip-to-chip uniformity.
